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ABSTRACT

Background and Aim: Given the concentration of microorganisms and emerging micropollutants,
wastewater is a favorable environment for the exchange of resistance genes and the selection of
antimicrobial-resistant strains, one of the most significant global threats of the 21st century, since
inadequate environmental sanitation causes around 88% of deaths worldwide. The present study
aimed to identify bacteria isolated from a sewage treatment plant located in Rio de Janeiro and
determine their susceptibility profile to antimicrobials.
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Methods: A 10 L aliquot of raw sewage was inoculated onto chromogenic agar and presumptive
identification of microorganisms were based on their biochemical profiles. Isolates that could not be
characterized using traditional biochemical tests were analyzed using polymerase chain reaction
(PCR). Following the Brazilian Committee on Antimicrobial Susceptibility Testing, the resistance
profile was determined by measuring the diameter of the inhibition zone and the isolates were
classified as susceptible (S), resistant (R), multidrug resistant (MDR), extensively resistant (XDR) or
pan-resistant (PDR).

Results: In this study, 38 strains were isolated, of which 24% were identified as Gram positive (n =
9) and 76% as Gram negative (n = 29). Among the isolated strains, Enterobacter sp. (7, 18%) was
the most frequent genera and Escherichia coli (6, 15%) and Klebsiella pneumoniae (5, 13%) were
the most frequent species. No pan-resistant strains were identified, however, isolates of Klebsiella
pneumoniae (60%, n = 3/5), Enterobacter sp. (57%, n = 4/7) and Escherichia coli (50%, n = 3/6)
presented the profile MDR and only one Enterobacter isolate was considered XDR (14%). Isolates
of Morganella morgani, Proteus mirabilis, and Acinetobacter baumannii were fully sensitive to the
antimicrobials tested. Regarding the antimicrobial susceptibility of Gram-positive strains, the
Bacillus sp., Enterococcus sp. and Staphylococcus aureus isolates showed different resistance
profiles, in which only Bacillus sp. and Microbacterium paraoxydans were considered high risk to
health. Conclusion: The occurrence of potentially pathogenic and antimicrobial-resistant
microorganisms in sewage treatment plants is a reality that has been explored over the years.
Resistance to beta-lactam drugs is increasingly present in clinical practice, and these were the
antimicrobials with the highest number of resistant isolates in the present study, including
Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa and Enterobacter sp., which are
listed as WHO priority. Our results revealed that sewage treatment plants act as reservoirs of
bacterial resistance, facilitating the spread of resistance genes between different bacterial species.
Contact of these microorganisms with the community may cause public health problems and
environmental impacts, increasing the need to implement and improve environmental surveillance
of resistant pathogens, establishing stricter control over the use of antimicrobials, to try to mitigate
the advance of bacterial resistance.

Keywords: Antimicrobial resistance; enterobacterales; residual waters; sewage.

1. INTRODUCTION

The integrity of human, animal and
environmental health is directly associated with
basic sanitation conditions and water quality
(Monteiro et al. 2016). Diseases related to
inadequate  environmental  sanitation are
responsible for approximately 88% of global
deaths, most of which are transmitted by different
aquatic matrices (Monteiro et al. 2024).
Wastewater, also called sewage, resulting from
anthropogenic  activity, poses a risk of
transmission of pathogenic microorganisms and,
mainly, those resistant to antimicrobials
(Monteiro et al. 2016; Joseph et al. 2019). In
essence, Antimicrobial Resistance Bacteria
(ARB), as well as Antimicrobial Resistance
Genes (ARG), are considered a global public
health problem that tends to increase, especially
after the COVID-19 pandemic (Amarasiri et al.
2020; Silva et al. 2024; Wang et al. 2023).

Approximately 68 million units of antibiotics were
sold in Brazil between 2020 and 2023, which
may lead to an increase in cases of infections

caused by multidrug-resistant or pan-resistant
bacteria (Wang et al. 2023). The use of these
drugs implies the elimination of residues in
aquatic matrices, concentrating such substances
in different compartments, including sewage
system. Considering that effluent treatments
currently used are not capable of eliminating
these environmental contaminants, the sewage
system becomes capable of amplifying the
spread of ARBs and ARGs (Joseph et al. 2019;
Manaia et al. 2018). Based on this, the present
study aimed to identify bacteria isolated from a
sewage treatment plant located in Rio de Janeiro
and determine their  susceptibility  to
antimicrobials.

2. METHODS

The methodology proposed in this pilot study
consisted of collecting 500 mL of raw sewage,
called influent, in sterile graduated bottles.
Following all biosafety protocols, the collection
was performed by the sewage treatment plant
operator, allowing photographic recording of the
collection process. The bottle was then properly
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labeled according to origin, time, type of
collection and type of sample. To avoid bacterial
competition, transportation took place in an
isothermal box, as recommended in the Standard
Methods for Examination of Water and
Wastewater.

All  experiments were carried out at the
Microbiology Laboratory (LabMicro), Department
of Biological Sciences, Sérgio Arouca National
School of Public Health (ENSP), located at the
Center for Research, Innovation and Surveillance
in Covid-19 and Health Emergencies of the
Oswaldo Cruz Foundation (FIOCRUZ).

2.1 Bacterial Identification

To obtain isolated bacterial colonies, the initial
sample was diluted in sterile saline (0.9% NacCl)
with different concentrations, ranging from 10- to
107 CFU. 10uL of the sample was seeded on
chromogenic  agar, allowing presumptive
differentiation of the microorganisms. After
seeding, the plates were incubated at 35£1°C for
24 hours for bacterial growth. The colonies of
interest were replated and identified by Gram
staining to confirm the  morphological
characteristics of the bacteria. Biochemical
screening tests, such as Triple Sugar Iron
Medium (TSI), Sulfide Indole Motility Medium
(SIM), Simmons Citrate and Costa and Vernin
Medium (CV) were used for presumptive
identification.

In order to identify isolates that could not be
characterized using traditional biochemical tests,
polymerase chain reaction (PCR) analysis was
performed, in which specific oligonucleotide
primers for the 16S rRNA gene were amplified
using the 16S rRNA full gene PCR Kit (Life
Technologies) and the sequences obtained were
compared based on similarity with the GenBank
database. The DNA extraction protocol used was
performed as described by Campos et al. (2012)
at the National Reference Laboratory for
Tuberculosis, Professor Hélio Fraga Reference
Center, Sérgio Arouca National School of Public
Health, Fiocruz.

2.2 Antimicrobial Sensitivity Test (AST)

To perform the sensitivity test, agar diffusion
method was chosen, in which a bacterial
suspension in 0.9% saline, corresponding to the
0.5 MacFarland scale, is seeded on Mueller-
Hinton agar with the aid of a sterile swab. The
antimicrobial discs were placed on agar and the
plates were incubated in a bacteriological
incubator at 37°C for 24 hours. Following the

recommendations of the Brazilian Committee on
Antimicrobial Susceptibility Testing (BRCAST),
the isolates were tested for the following
antimicrobial agents: amikacin (30ug),
amoxicillin-clavulanate  (10-20ug), ampicillin
(10ug), cefepime (30ug), cefoxitin (30ug),
ceftriaxone (30ug), ciprofloxacin (5u9),
ertapenem (10ug), gentamicin (10ug), imipenem
(10ug), meropenem (10ug), penicillin (10ug), and
piperacycline-tazobactam (30-6uQ). The
sensitivity or resistance profile was determined
by measuring the diameter of the inhibition zone
and the isolates were classified as susceptible
(S) when they did not present resistance,
resistant (R) when they presented resistance to
only one class of antimicrobials tested, multidrug
resistant (MDR) when they were resistant to up
to 3 classes, extensively resistant (XDR) when
they were resistant to more than 3 classes, or
pan-resistant (PDR) when they did not present

susceptibility to any antimicrobial tested
(BRCAST, 2024).
2.3 MAR Index
To determine the health risk, the Multiple

Antibiotic Resistance Index (MAR Index) was
calculated (Zagui, 2022, Afunwa et al. 2020),
using the following formula:

MAR Index = n° ineffective antibiotics / n°
antibiotics tested

Following the interpretation proposed by Zagui
(2022), intermediate resistance was considered
sensitive and results equal to or greater than 0.2
were considered high risk (Zagui, 2022).

3. RESULTS AND DISCUSSION

Given the concentration of microorganisms and
emerging micropollutants, wastewater is a
favorable environment for the exchange of
resistance genes and the selection of
antimicrobial-resistant strains, one of the most
significant global threats of the 21st century
(Frohler et al. 2023, Patra et al. 2024). In the
present study, 38 bacterial strains were isolated,
of which 24% were identified as Gram positive (n
= 09), being 02 cocci and 07 bacilli, and 76% as
Gram negative bacilli (n = 29). Only 5 isolates
were considered non-fermenters. Among the
isolated strains, the most frequent genera were
Enterobacter sp. (n = 7, 18%), Escherichia sp. (n
= 6, 15%), Klebsiella sp. (n = 5, 12.5%) and
Streptomyces sp. (n = 4, 10%). The most
frequent species were Escherichia coli (n = 6,
15%) and Klebsiella pneumoniae (n = 5, 13%),
as shown in Fig. 1.
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Fig. 1. Total number of isolates identified in raw sewage from a wastewater treatment plant in
Rio de Janeiro
Source: Created by the authors (2024)

The most frequent isolated species, Escherichia
coli and Klebsiella pneumoniae, can be
explained by their presence in the intestinal
microbiota of humans'* while other bacterial
isolates, such as Proteus mirabilis,
Proteus vulgaris and Pseudomonas aeruginosa,
are frequently found in wastewater due
to their ability to adapt and tolerate the
environment (Aravjo et al. 2021,Zhang et al.
2020).

First described in 1872, Chromobacterium
violacium is a tropical pathogen that can be
commonly found in soil and water bodies in
tropical and subtropical regions (Hota et al. 2022)
and usually transmitted through exposure of skin
wounds and traumatic injuries to contaminated
soil and water (Ansari et al. 2015; Baker et al.
2008; Chowdhury et al. 2021; Menezes et al.
2015). Its zoonotic potential makes harmful to
humans and animals, given its ability to cause
abscesses in the skin and organs, such as the
liver, lungs, kidneys, spleen, and lymph nodes,
as well as septicemia with necrotizing lesions in
multiple organs, resulting in the death of the
patient (Hota et al. 2022,Soares et al. 2019).
However, the isolate was not subjected to

susceptibility testing because it was not viable for
growth.

Regarding the antimicrobial susceptibility of
Gram-positive  strains, the Bacillus sp.,
Enterococcus sp. and Staphylococcus aureus
isolates tested showed different resistance
profiles, in which only Bacillus sp. and
Microbacterium paraoxydans were considered
high risk (Table 1). Resistant strains of Bacillus
sp. have also been reported in other studies
(Patra et al. 2024 ,Kalra et al. 2024), representing
a relevant environmental risk, given the
possibility that horizontal gene transfer favors the
spread of antibiotic resistance not only among
different Bacillus species, but mainly among
other clinical pathogens, such as Enterococcus
sp. and Staphylococcus aureus (Zhai et al.
2023). Although they present intermediate
resistance to ampicillin and ciprofloxacin,
respectively, the isolates of Enterococcus sp.
and S. aureus require attention, since this
classification implies a reduction in the clinical
efficacy of the antimicrobials tested, in which the
minimum inhibitory concentration (MIC) of the
antimicrobial agent approaches blood and tissue
levels (CLSI, 2005).
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Table 1. Antimicrobial susceptibility testing Gram-positive isolates in raw sewage from a sewage treatment plant in Rio de Janeiro

ID* Strain Ami Amp Cfo Cfp Cip Gen Imp Mer Pen Mar Index
EB1A Bacillus sp. NA NA NA NA R NA R R S 0,75
EB2B Bacillus sp. NA NA NA NA R NA R R R 1,0

EB2C Enterococcus sp. NA I NA NA S NA I NA NA 0

EB7D S. aureus S NA S NA I S NA NA R 0,2
EB10A M. paraoxydans NA NA R R R I R R NA 0,83

Legend: AMI — Amikacin; AMP — Ampicillin; CFO — Cefoxitin; CFP — Cefepime; CIP — Ciprofloxacin; GEN — Gentamicin; IMP — Imipenem; MER — Meropenem; PEN —
Benzylpenicillin; NA — Not applicable; R — Resistant; | — Intermediate; S — Sensitive. The authors (2024). * Note: The strain identification code refers to the
laboratory's internal protocol

Table 2. Antimicrobial susceptibility profile of Gram-negative bacilli isolated from a sewage treatment plant in Rio de Janeiro, Brazil

ID* Strain Amc Amp Ppt Cfo Ctx Cfp Cip Gen Ami Imp Mer Ert Mar
Index
EB2A Escherichia coli S S S S R R S S S S I R 0,25
EB2DI Acinetobacter baumannii NA S S NA I S I S S S S NA 0,00
EB3AI Enterobacter sp. R R S R S R S S S S S S 0,33
EB3B Proteus mirabilis S S S S S S S S S S S S 0,00
EB3CI Escherichia coli S S S S S S S S S S S S 0,00
EB3CII Pseudomonas aeruginosa NA NA | NA NA | R NA S | S NA 0,20
EB3D Morganella morganii S S S S S S S S S S S S 0,00
EB3E Klebsiella pneumoniae S R S R S S R S S I S S 0,25
EB3F Pseudomonas aeruginosa NA NA | NA NA | R NA | | | NA 0,17
EB3G Proteus mirabilis S S S S S S S S S S S S 0,00
EB4B Klebsiella pneumoniae S R S S S S S S S S S S 0,08
EB4C Klebsiella pneumoniae S S S S S S S S S S S S 0,00
EB5A Proteus vulgaris S R S S S S S S S S S S 0,08
EB5B Enterobacter sp. S S S S S S S S S S R R 0,17
EBG6A Escherichia coli S R S S S S S S S I S S 0,08
EB6GB Enterobacter sp. R R S R S R S S S S S S 0,33
EB6C Klebsiella pneumoniae R R R R R R S S S S S S 0,50
EB7A Proteus vulgaris S R S S S S S S S S S S 0,08
EB7E Escherichia coli S S S S S S S S S S S S 0,00
EB7F Enterobacter sp. S R R S S S R R S R S S 0,42
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ID* Strain Amc Amp Ppt Cfo Ctx Cfp Cip Gen Ami Imp Mer Ert Mar
Index
EB7G Escherichia coli S R S S S I R R S S S S 0,25
EB8A Enterobacter sp. S R S S S S S I S S S S 0,08
EB8B Pseudomonas aeruginosa NA NA I NA NA I I NA I I S NA 0,00
EB9B Enterobacter sp. R S S R S S S S S S S S 0,17
EB11B Escherichia coli R R R S S S S R S S S S 0,33
EB11C Pseudomonas aeruginosa | NA NA | NA NA | R NA | | | NA 0,17
EB11D Enterobacter sp. S R S R S S S S S S S S 0,17
EB11E Klebsiella pneumoniae R R S R I S S S S R I I 0,33

Legend: AMC — Amoxicillin-Clavulanate; AMP — Ampicillin; PPT — Piperacycline-Tazobactam; CFO — Cefoxitin; CTX — Ceftriaxone; CFP - Cefepime; CIP — Ciprofloxacin; GEN
— Gentamicin; AMI - Amikacin; IMP — Imipenem; MER — Meropenem; ERT — Ertapenem; NA — Not applicable; R — Resistant; | — Intermediate; S — Sensitive. The
authors (2024).
* Note: The strain identification code refers to the laboratory's internal protocol
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In this perspective, the Microbacterium
paraoxydans strain stands out with the greatest
risk to health, whose sensitivity to gentamicin
may be linked to exposure to the drug,
demanding greater attention due to the difficulty
of treatment in case of infection. Microbacterium
sp. are Gram-positive coryneform bacilli widely
distributed in the environment, such as soil and
sewage, and are rare pathogens in humans.
Although the epidemiological and clinical
characteristics of Microbacterium species are
scarce, cases of endophthalmitis, peritoneal
dialysis-related infection, catheter-related
bloodstream infections and bacteremia have
been reported, mainly in immunocompromised
patients (Amano et al. 2019; Bernard et al. 2015;
Ko et al. 2007; Pinchman et al. 2023).

In 2024, the World Health Organization (WHO)
listed the Enterobacterales order resistant to
carbapenems as critical priority for monitoring
due to their ability to transfer resistance genes
and the severity of the infections they cause
(WHO, 2024). Regarding the Gram-negative
isolates subjected to antimicrobial susceptibility
test, 71% were considered resistant, 32%
resistant to one class of antimicrobials (n = 9),
36% resistant to at least three classes of the
drugs tested (n = 10), and only 01 isolate (4%)
considered extensively resistant, not showing
susceptibility to more than three classes tested
(Table 2). The MAR Index revealed that only 8
isolates were susceptible to all antimicrobials
tested, suggesting a low health risk and may
come from an environment with zero health risk,
given their sensitivity to all antimicrobials, in
which the absence of contact with drugs and
resistance genes can be considered. However,
the EB8B strain warrants attention, as its
resistance profile indicates possible drug
exposure, characterizing it as an isolate with
intermediate resistance and potential risk to
human health (Zagui, 2022; CLSI, 2005). In
contrast, 36% (n = 10) of the isolates are
considered to pose a high health risk.

The EB6C strain stands out due to its resistance
to various beta-lactams, being classified as an
extended-spectrum  beta-lactamase  (ESBL)
Klebsiella pneumoniae, which confers resistance
to a wide range of antibiotics, hindering the
treatment of infections and increasing the risk of
dissemination (Li et al. 2023; Salawudeen et al.
2023). Being capable of causing a series of
infections in hospitalized patients, with the

advancement of antibiotic therapy, resistant
strains of K. pneumoniae are increasingly
prevalent, favoring the dissemination of different
resistance genes, especially in the hospital
environment, being considered one of the
greatest challenges for global public health (Li et
al. 2023; Scarpate and Cossatis, 2009).
According to Scarpate and Cossatis (2009), the
prevalence of ESBL-positive K. pneumoniae in
Latin America is higher than the world average
(20-30%) (Scarpate and Cossatis, 2009), which
may be directly related to the widespread and
indiscriminate use of third-generation
cephalosporins, such as ceftriaxone, and
carbapenems, in  which meropenem is
considered a last resort treatment, disseminating
this multidrug-resistant microorganism to the
community, making clinical management of
infections difficult (Salawudeen et al. 2023,
Scarpate and Cossatis, 2009; Khanfar et al.
2009; Demirdag and Hosoglu, 2010; Silva and
Junior, 2022, Silva, 2023).Among the
antimicrobials tested, beta-lactams showed the
highest resistance rates, including penicillins,
such as ampicillin (58%, n = 14/24), cefoxitin
(30%, n = 7/23), amoxicillin associated with
potassium clavulanate (26%, n = 6/23) (Fig. 2).

Among the carbapenems tested, 9% of the
strains tested were resistant to ertapenem (n =
2/23), 7% were resistant to imipenem (n = 2/28)
and only 4% were resistant to meropenem (n =
1/28), which may be linked to the fact that
carbapenems are the drugs of choice for the
treatment of ESBL-positive strains, in which
meropenem is considered a last resort treatment
(Silva and Junior, 2022, Silva, 2023). Of the
aminoglycosides tested, only cases of resistance
to gentamicin were identified (13%, n = 3/24).
Resistance to aminoglycosides may originate
from cross-resistance, given that amikacin is a
substrate for only a few aminoglycosidases,
bacterial enzymes capable of modifying the
structure of aminoglycosides, making strains
resistant to other aminoglycosides, such as
gentamicin, likely to be susceptible to amikacin
(Bennett et al. 2019, Gazineo et al. 2023). This
statement corroborates the results found in the
present study, in which, only cases of resistance
to gentamicin were identified, a drug primarily
recommended in cases of severe infections, but
which, due to its low cost, began to be used
indiscriminately, favoring the selection of
resistant strains (Gazineo et al. 2023).
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Fig. 2. Strains resistant to the tested antibiotics isolated from a sewage treatment plant in Rio
de Janeiro
Legend: AMC — Amoxicillin-Clavulanate; AMP — Ampicillin; PPT — Piperacycline-Tazobactam; CFO — Cefoxitin;
CTX — Ceftriaxone; CFP - Cefepime; CIP — Ciprofloxacin; GEN — Gentamicin; AMI - Amikacin; IMP — Imipenem;
MER - Meropenem; ERT — Ertapenem; R — Resistant; | — Intermediate; S — Sensitive. Source: Created by the
authors (2024)
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Fig. 3. Resistance profile of Gram-negative rods isolated from sewage treatment plant in Rio de
Janeiro
Legend: S — Sensitive; MDR — Multidrug resistant; XDR — Extensively resistant; PDR — Pan-resistant. Source:
Created by the authors (2024)

Furthermore, no pan-resistant strains were
identified. However, isolates of Klebsiella sp.
(60%, n = 3/5), Enterobacter sp. (57%, n = 4/7),
and Escherichia sp. (50%, n = 3/6) presented the
MDR profile, and only one Enterobacter isolate
was considered XDR (14%). Isolates of
Morganella morgani, Proteus mirabilis, and
Acinetobacter baumannii were fully sensitive to
the antimicrobials tested (Fig. 3).

Even though pan-resistant strains were not
identified in this research, it is important to
highlight that A. baumannii has intrinsic
resistance to some antimicrobials and a greater
tendency to acquire resistance genes from the
environment (Barbosa et al. 2023). Further
analyses are necessary to obtain more robust
data. However, the results obtained corroborate
the study by Abrantes (2022), in which the author
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states that (Mills and Lee, 2019) bacteria of the
order Enterobacterales have a high profile of
non-sensitivity to antimicrobials, including strains
whose resistance occurs through exposure
(intermediate), mainly to beta-lactams, including
cephalosporins and carbapenems, and
quinolones (Abrantes, 2022). Moreover, abiotic
factors (e.g. temperature, pH and electric
conductivity) can directly impact on the microbial
composition of effluents, influencing the
development of specific physiological and
biochemical groups of bacteria. Most of the
clinically and environmentally relevant ARB, are
strictly chemoorganoheterotrophic, mesophilic,
neutrophilic, and facultative or aerobic. This
means that their ability to survive and proliferate
is conditioned by the balance of all these
variables. (Manaia et al. 2018)

Therefore, our results reveal that sewage
treatment plants can act as large reservoirs of
antimicrobial-resistant bacteria, playing a direct
role in the spread of resistance genes among
different bacterial species, mainly ESBL, MRSA
and carbapenem resistant strains. (Katale et al.
2022) Anticipating the treatment of waste from
hospitals, implementing effective methodologies
for the removal and inactivation of ARBs and/or
ARGs before dumping into the sewage system,
may help to reduce risks to human, animal and
environmental health and mitigate the advance of
bacterial resistance. (Drigo et al. 2021, Waseem
et al. 2017) Based on these findings, it is crucial
to highlight the role of effluents in the
dissemination of antimicrobial-resistant
pathogens and the importance of creating
epidemiological surveillance networks in these
matrices.

4. CONCLUSION

Although these are preliminary results, it allows
us to identify the role of effluents in bacterial
resistance, with emphasis on Bacillus sp. and,
mainly, Gram-negatives, including species such
as Escherichia coli, Klebsiella pneumoniae,
Pseudomonas aeruginosa and Enterobacter sp.,
which are listed as WHO priority. Of the isolates
identified, only 8 may have originated from an
environment with no risk to health, in which there
was no direct contact with drugs, given their
sensitivity to the antimicrobials tested. However,
resistance to beta-lactam drugs, such as
ampicillin, amoxicillin and some cephalosporins,
is increasingly present in clinical practice, and
these were the antimicrobials with the highest
number of resistant isolates in the present study.

The occurrence of potentially pathogenic and
antimicrobial-resistant microorganisms in sewage
treatment plant is a reality that has been
explored over the years. Bacteria carrying
antimicrobial resistance genes can be easily
disseminated through waterways. Contact of
these microorganisms with community may
cause public health problems and environmental
impacts, increasing the need to implement and
improve environmental surveillance of resistant
pathogens, establishing stricter control over the
use of antimicrobials, in order to try to mitigate
the advance of bacterial resistance.

CONSENT AND ETHICAL APPROVAL
It is not applicable.

DISCLAIMER (ARTIFICIAL INTELLIGENCE)

Author(s) hereby declare that NO generative Al
technologies such as Large Language Models
(ChatGPT, COPILOT, etc.) and text-to-image
generators have been used during the writing or
editing of this manuscript.

ACKNOWLEDGEMENTS

The authors would like to thank William M.V.
Silva and Melissa A.B. Eccard for their
partnership in  the  transportation and
identification of bacterial species by PCR.
Regiane Trigueiro, Rose Mary Pimentel, Rayene
Sudré and Maria Eduarda Rangel are
acknowledged for their technical support during
the analyses at LabMicro (ENSP/Fiocruz). Silva,
L.O.P. would like to thank the Coordination for
the Improvement of Higher Education Personnel
for the financial support (CAPES-001).

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

Abrantes, J. A. (2022). Assessment of bacterial
resistance in Fiocruz Sewage Treatment
Plants with emphasis on the phenotypic
and molecular profile for beta-lactamases
in enterobacteria (Doctoral dissertation,
Postgraduate Program in Public Health
and Environment, Escola Nacional de
Salde Publica Sérgio Arouca, Fundacao
Oswaldo Cruz).

149



Silva et al.; J. Adv. Med. Med. Res., vol. 36, no. 12, pp. 141-152, 2024, Article no.JAMMR.127703

Afunwa, R. A., Ezeanyinka, J., Afunwa, E. C.,
Udeh, A. S., Oli, A. N., & Unachukwu, M.
(2020). Multiple antibiotic resistance index
of gram-negative bacteria from poultry
droppings in two commercial poultry in
Enugu, Nigeria. Open Journal of Medical
Microbiology, 10(4), 171-181.

Amano, J., Hase, R., Otsuka, Y., Tsuchimochi, T.,
Noguchi, Y., & lgarashi, S. (2019).
Microbacterium paraoxydans catheter-
related blood flow infection in a pediatric
patient with B-cell acute precursor
lymphocytic leukemia: A case report and
review of the literature on Microbacterium
bacteremia. Journal of Infection and
Chemotherapy, 25(10), 806-810.
https://doi.org/10.1016/j.jiac.2019.04.014

Amarasiri, M., Sano, D., & Suzuki, S. (2020).
Understanding human health risks caused
by antibiotic resistant bacteria (ARB) and
antibiotic resistance genes (ARG) in water
environments: Current knowledge and
questions to be answered. Critical Reviews
in Environmental Science and Technology,
50(19), 2016—-2059.

Ansari, S., Paudel, P., Gautam, K., Shrestha, S.,
Thapa, S., & Gautam, R. (2015).
Chromobacterium violaceum isolated from
a sepsis wound: A case study from Nepal.
Case Reports in Infectious Diseases,
2015, 1-4.

Araujo, S., Souza, M., Tacdo, M., Baralina, R. A,,
Silva, A., Ramos, R., Alves, A., Manaia, C.
M., & Henriques, |. (2021). Carbapenem-
resistant bacteria in a wastewater
treatment process: Carbapenem-resistant
Enterobacteriaceae in unscreened
wastewater and intrinsically resistant
bacteria in final effluent. Total
Environmental Science, 782, 146892.

Baker, S., Campbell, J. I, Stabler, R., Nguyen, H.
V. M., To, D. S., Nguyen, D. V., & Farrar, J.
(2008). Fatal wound infection caused by
Chromobacterium violaceum in Ho Chi
Minh City, Vietnam. Journal of Clinical
Microbiology, 46(11), 3853—-3855.

Barbosa, K. W. P., Machado, S. E. F, Ribeiro, S.
M. A., & Madeira, L. D. P. S. (2023).
Acinetobacter baumannii infections and
resistance mechanisms: Literature review.
Brazilian Health Magazine, 6(6), 31679—
31695.

Bennett, J. E., Dolin, R., & Blaser, M. J. (2019).
Mandell, Douglas, and Bennett's Principles
and Practice of Infectious Diseases: 2-
Volume Set (9th ed.). Philadelphia, PA:
Elsevier.

Bernard, K., & Pacheco, AL (2015). In vitro
activity of 22 antimicrobial agents against
Corynebacterium and  Microbacterium
species referred to the Canadian National
Microbiological Laboratory. Clinical
Microbiology Bulletin, 37(23), 187-198.
https://doi.org/10.1016/j.clinmicnews.2015.
11.002

BRCAST. (2024). Cutoff point tables for
interpreting MICs and halo diameters.

Campos, C. E. D., Caldas, P. C. S., Ohnishi, H.,
Watanabe, T., Ohtsuka, K., Matsushima,
S., Ferreira, N. V., Silva, M. V. B., Redner,
P., Carvalho, L. D., Medeiro, R. F. M,,
Filho, J. A. A., Montes, F. C. O. F.,, Galvao,
T. C., & Ramos, J. P. (2012). First isolation
of Mycobacterium kyorinense from clinical
specimens in Brazil. Journal of Clinical
Microbiology, 50(7), 2477-2478.

Chowdhury, M., Lee, N., & Wey, E. Q. (2021).
Chromobacterium  violaceum  causing
disseminated soft tissue and lung
abscesses in a returning traveler from the
Azores. Access Microbiology, 3(8).

Institute of Clinical and Laboratory Standards.

(2005).  Performance standards for
antimicrobial susceptibility testing: 15th
information supplement.

https://bvsms.saude.gov.br/bvs/publicacoe
s/metodo_ref _testes_diluicao_modulo4.pdf

Demirdag, K., & Hosoglu, S. (2010).
Epidemiology and risk factors for Klebsiella
pneumoniae producing ESBL: A case-
control study. The Journal of Infection in
Developing Countries, 4(11), 717-722.

Drigo, B., Brunetti, G., Aleer, S.C., Bell, J.M,,
Short, M.D., Vasileiadis, S., Turnidge, J.,
Monis, P., Cunliffe, D., & Donner, E. (2021)

Inactivation, removal, and regrowth
potential of opportunistic pathogens and
antimicrobial resistance genes in recycled
water systems. Water Research, 201,
117324.

Frohler, H. S., Guimarées, R. E., & Frazzon, A. P.
G. (2023). Assessment of the existence of
bacterial resistance in a sewage treatment
plant. In Brazilian Congress of Sanitary
and Environmental Engineering.

Gazineo, J. L. D., Bissoli, G. F,, Lima, G. C. B.,
Neto, R. A. D., Santos, R. B., Souza, R. I.
C., & Batista, R. S.  (2023).
Aminoglycosides in the 21st century:
Review and update, with emphasis on
nephrotoxicity. Dynamic Health, 5(2), 57—
76.

Hota, S. R., Padhi, S. K., Pahari, A., Behera, B.
K., Panda, B., Mor, S. K., Singh, V. K,

150



Silva et al.; J. Adv. Med. Med. Res., vol. 36, no. 12, pp. 141-152, 2024, Article no.JAMMR.127703

Goyal, S. M., & Sahoo, N. (2022).
Characterization = and  whole-genome
sequencing of Chromobacterium
violaceum  OUAT_2017: A zoonotic
pathogen found fatal in a wild Asian
elephant. Indian Journal of Microbiology,
62(4), 627—633.

Joseph, S. M., Battaglia, T., Maritz, J. M.,
Carlton, J. M., & Blaser, M. J. (2019).
Longitudinal comparison of bacterial
diversity and antibiotic resistance genes in
New York City sewage. mSystems,
4(4).

Kalra, S., Bhatnagar, A., & Thakral, N. (2024).
Bacillus aryabhattai: A multi-metal resistant
sewage water bacteria and bioremediatory
tool for sewage water pollutants. Egyptian
Journal of Aquatic Biology and Fisheries,
28(3), 329-340.

Katale, B. Z., Misinzo, G., Mshana, S. E,
Chiyangi, H., Campino, S., Clark, T. G,,
Good, L., Rweyemamu, M. M., & Matee,
M. 1. (2020). Genetic diversity and risk
factors for the transmission of antimicrobial
resistance across human, animals, and
environmental compartments in East
Africa: A review. Antimicrobial Resistance
& Infection Control, 9(127), 1-20.

Khanfar, H. S., Bindayna, K. M., Senok, A. C., &
Botta, G. A. (2009). Extended spectrum
beta-lactamases (ESBL) in Escherichia coli
and Klebsiella pneumoniae: Trends in the
hospital and community settings. The
Journal of Infection in Developing
Countries, 3(4), 295-299.

Ko, K. S., Oh, W. S,, Lee, M. Y., Peck, K. R., Lee,
N. Y, & Song, J. H. (2007). A new
Microbacterium species isolated from the
blood of a patient with fever:
Microbacterium pyrexiae  sp. nov.
Diagnostic Microbiology and Infectious
Disease, 57(4), 393-397.
https://doi.org/10.1016/j.diagmicrobio.2006
.08.029

Li, Y., Kumar, S., Zhang, L., Wu, H., & Wu, H.
(2023).  Characteristics of  antibiotic
resistance mechanisms and genes of
Klebsiella pneumoniae. Open Medicine,
18(1).

Manaia, C. M., Rocha, J., Scaccia, N., Marano,
R., Radu, E., Biancullo, F., Cerqueira, F.,
Fortunato, G., lakovides, ., Zammit, I.,
Kampouris, 1., Vaz-Moreira, |., & Nunes, O.
C. (2018). Antibiotic resistance in
wastewater treatment plants: Tackling the
black box. Environment International, 115,
312-324.

Menezes, C. B. A, Tonin, M. F,, Corréa, D. B. A,,
Parma, M., Melo, I. S., Zucchi, T. D,
Destéfano, S. A. L., & Fantinatti-

Garboggini, F. (2015). Chromobacterium

amazonense sp. nhov. isolated from water

samples from the Rio Negro, Amazon,

Brazil. Antonie van Leeuwenhoek, 107(4),

1057-1063.

M. C., & Lee, J. (2019). The threat of

carbapenem-resistant bacteria in the

environment; Evidence of widespread
contamination of reservoirs on a global

scale. Environmental Pollution, 255(1),

113143.

Monteiro, G. T. G., Silva, S. R., Lafayette, K. P.
V., & Silva, F. B. (2024). Impacts on public
health after the implementation of an
integrated rural sanitation system: results
at SISAR Moxoté in Pernambuco. Hygeia -
Brazilian Journal of Medical and Health
Geography, 20, e2059-e2059.

Monteiro, M., Spisso, B. F., Santos, J. R. M. P,,
Ferreira, R. G., Pereira, M. U., Miranda, T.
S., Andrade, B. R. G., & dAvilla, L. A.
(2016). Occurrence of antimicrobials in
river water samples from rural region of the
state of Rio de Janeiro, Brazil. Journal of
Environmental Protection, 7(2), 230-241.

Patra, M., Pandey, B., & Dubey, S. K. (2024).
Prevalence of diverse antimicrobial
resistance genes and bacteria in sewage
treatment plant-derived sludge
environment. FEMS Microbes, 5, xtae004.

Pinchman, E., Hoening, B., Solorzano, G., &
Martin, G. (2023). Acinetobacter
radioresistens and Microbacterium
paraoxydans endocarditis in a patient with
indwelling  catheter and  metastatic
carcinoma. BMJ Case Reports, 16(6),
€254877. https://doi.org/10.1136/bcr-2022-
254877

Salawudeen, A., Raji, Y. E., Jibo, G. G., Desa, M.
N. M., Neoh, H. M., Masri, S. N., Gregorio,
S. D, & Jamaluddin, T. Z. M. T. (2023).
Epidemiology of multidrug-resistant
Klebsiella pneumoniae infection in East
Asia: A systematic review and meta-
analysis. Antimicrobial Resistance and
Infection Control, 12(1), 142.

Scarpate, E. C. B., & Cossatis, J. J. (2009). The
presence of extended-spectrum  B-
lactamase-producing Klebsiella
pneumoniae in the hospital environment.
Health and Environment, 4(1).

Silva, A. E. F, & Junior, O. M. R. (2022).
Bacterial  resistance due to the
indiscriminate use of the carbapenems

Mills,

151



Silva,

Silva,

Silva et al.; J. Adv. Med. Med. Res., vol. 36, no. 12, pp. 141-152, 2024, Article no.JAMMR.127703

meropenem and imipenem: An integrative
review. Research, Society and
Development, 11(7), e44711730195.

K. M. (2023). Characterization of

multidrug-resistant  Enterobacterales in
sewage treatment plants and evaluation of
their removal by a heterogeneous photo-
Fenton process mediated by mining
residue (Doctoral dissertation,
Postgraduate Program in Public Health
and Environment, Escola Nacional de
Saude Publica Sérgio Arouca, Fundacéo
Oswaldo Cruz).
L. O. P, Abrantes, J. A., & Nogueira, J. M.
R. (2024). The indiscriminate use of
antimicrobials  during the COVID-19
pandemic as a possible influencing factor
of bacterial resistance in hospital effluents
in Brazil. Contributions to Social Sciences,
17(3), e4360-e4360.

Soares, R. L., Neto, N. B. D., Guizelini, C. C.,

Araujo, M. A., Leal, C. R. B., Mock, T. B.
M., & Ramos, C. A. N. (2019).
Chromobacteriosis (Chromobacterium
violaceum) in a calf from Brazil - Case
report. Brazilian Archive of Veterinary
Medicine and Animal Science, 71(6),
1929-1933.

Wang, J., Xu, S., Zhao, K., Song, G., Zhao, S., &

Liu, R. (2023). Risk control of antibiotics,
antibiotic resistance genes (ARGSs), and
antibiotic resistant bacteria (ARB) during
sewage sludge treatment and disposal: A
review. Science of The Total Environment,
877, 162772.

Waseem, H., Williams, M. R., Stedtfeld, R. D., &
Hashsham, S. A. (2017). Antimicrobial
resistance in the environment. Water
Environment Research, 89(10), 921-941.

World Health Organization. (2024). WHO
bacterial priority pathogens list, 2024:
Bacterial pathogens of public health
importance to guide research,
development and strategies to prevent and
control antimicrobial resistance.
https://www.who.int/publications/i/item/978
9240093461

Zagui, G. S. (2022). Antibiotics and multidrug-
resistant bacteria in sewage and receiving
surface waters: risks of the spread of
ESBL-coding genes, carbapenemases and
metal tolerance in the context of One
Health (Master’s thesis). University of Sao
Paulo. Zhai, Z., Cui, C., Li, X., Yan, J., Sun,
E., Wang, C., Guo, H., & Hao, Y. (2023).
Prevalence, antimicrobial susceptibility,
and antibiotic resistance gene transfer of
Bacillus strains isolated from pasteurized
milk. Journal of Dairy Science, 106(1), 75—
83.
https://doi.org/10.3168/jds.2022-22931

Zhang, L., Ma, X., Luo, L., Hu, N., Duan, J.,
Tang, Z., Zhong, R., & Li, Y. (2020). The
prevalence and characterization  of
extended-spectrum  [B-lactamase- and
carbapenemase-producing bacteria from
hospital sewage, treated effluents and
receiving rivers. International Journal of
Environmental Research and Public
Health, 17(4), 1183.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/127703

152


https://www.sdiarticle5.com/review-history/127703

